Previously published results from the National Heart, Lung and Blood Institute Family Heart Study (FHS) reported a significant increase in risk for coronary heart disease (CHD) associated with hostility in men and women who were defined as having a high CHD risk based on their family histories, but not in a randomly selected sample. 1 Subsequent analyses also found increased risk for carotid artery atherosclerosis associated with hostility among high-risk women, but not in men or in women with low-to-medium CHD risk. 2 Further research on this cohort indicated significant familial resemblance for the total hostility score and for each of the three subscales: cynicism, aggressive responding, and hostile affect. 3 Other studies, not using genome scans but analyzing either twin resemblance or familial correlations, have found familial resemblance attributed to heritability for hostility, while others have not. [4] [5] [6] [7] [8] The inconsistent findings based on twin studies as well as our observation of spousal resemblance for most of the scales warrant further investigation. The goal of the present study was to carry out a genome scan in a cohort with extended families to test for genetic linkage to hostility.
Methods

Subjects
The FHS is a multicenter, population-based study designed to identify and evaluate genetic and nongenetic determinants of CHD, preclinical atherosclerosis, and cardiovascular disease risk factors. A description of the methods and design was previously published. 9 Families in the study were chosen either at random (random group) or on the basis of higher-thanexpected risk of CHD (high-risk group) from previously established population-based cohort studies. The highrisk group was defined on the basis of a family-risk score, which reflects a comparison of the family's ageand sex-specific incidence of CHD with that expected in the general population. 10 As previously described, 566 families were selected on the basis of a higherthan-expected risk of CHD, and 588 were randomly selected. To reduce the locus heterogeneity, this sample was limited to Caucasians from the US.
Genotyping
Genotype data on 387 autosomal short-tandem-repeat polymorphisms were provided by the NHLBI Mammalian Genotyping Service at Marshfield, WI, USA. The data reported here are based on an initial genome scan that included 508 of the larger white families from the random and high-risk groups, of whom 2662 subjects had both genotyping and data on hostility phenotypes. The number of individuals per family with hostility scores ranged from 2 to 42, with an average of 7.4 individuals per family having phenotypic data. FHS colleagues at Washington University performed a simulation to estimate the power of variance component linkage analyses to identify quantitative trait loci (QTL) using the FHS pedigree structures. Based on 100 replicates in this simulation, a variance component analysis of the 3000 MGS genotyped individuals in FHS can achieve 80% power to detect a locus accounting for 12% heritability at a nominal alpha level of 0.05.
Hostility
The measure of hostility in this study consisted of three subscales of the Cook and Medley Hostility Scale: 11, 12 cynicism, hostile affect, and aggressive responses, chosen because of their demonstrated ability to predict early mortality in a prospective cohort.
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Statistical methods
We calculated the standardized residuals of hostility score for each gender, using the linear regression model in which age and educational levels were included. Residuals from these models were used in the subsequent genetic analysis.
Genome scans were performed using variance component linkage analysis as implemented by GENEHUNTER2. 13, 14 Multipoint analysis was performed with genetic variance modeled as additive polygenic and QTL variance.
Results
There were 1241 men and 1421 women, and the average age was 51 years. The majority of subjects had more than a high school education. The results of the genome scan are listed in Table 1 . Given the possibility that a complex trait such as hostility would involve multiple genes, rather than a single major gene, we have listed the results for all positions with a LOD score exceeding 1.0, to facilitate replication studies by other investigators.
The highest LOD score for the total hostility score was 1.77 (at 114.6 cM on chromosome 17). For the individual subscales, a LOD score of 1.97 on chromosome 12 was seen for the cynicism subscale, a score of 1.88 on chromosome 11 for the hostile affect subscale, and a score of 1.79 on chromosome 5 for the aggressive behavior subscale. Interestingly, at each of these locations, the other subscales showed LOD scores of zero. The heritability estimates were 0.268, 0.275, 0.248, and 0.326 for the aggressive behavior, cynicism, hostile affect, and summary hostility score, respectively.
The 5HTTLPR polymorphism of the serotonin transporter gene promoter region has been associated with serotonin function 15 and serotonin has been implicated in aggressive behavior. 16 However, we found little evidence for linkage at this site in our analyses (LOD scores o0.35).
Discussion
The genome scan in this cohort did not find significant linkage for total hostility or any of the three subscales. Although our earlier analyses found higher familial resemblance (heritability) for hostility than the present analyses, 3 they were calculated solely on nuclear family members, a method that determines heredity by comparing the correlations between biologically related family members and nonrelated family members (spouses), reflecting shared environmental as well as genetic factors.
It is possible that no significant linkage was found because the familial resemblance reported in our earlier work was attributable to environmental as well as genetic factors. It is also possible that variance in hostility is explained by multiple genes rather than a single locus, or that it results from gene/environment interactions that were not measured in this study. SIR-Schizophrenia is a complex genetic disorder and has heritability of around 80%. The pathogenesis of the disease is hypothesized to be neurodevelopmental in nature based on reports of an excess of adverse events during the pre-and perinatal periods, the presence of cognitive and behavioral signs during childhood and adolescence, and the lack of evidence of a neurodegenerative process in most individuals with schizophrenia. 1 To date, studies of the association between schizophrenia and genes coding for neurodevelopmental role has been published. 2 Recently, it has been reported that genetic variants around the gene neuregulin 1 (NRG1) are associated with schizophrenia in an Icelandic sample. 3 The replications of this finding have been reported independently from Scottish population 4 and Caucasians born in UK and Ireland. 5 The at-risk haplotype was found to be over-represented in schizophrenics compared to controls.
Here, we attempt to perform a replication of these results in our collection of Japanese schizophrenic patients and controls. Subjects consisted of 607 patients with schizophrenia and 515 controls. All subjects were unrelated Japanese. Most patients (93%) had more than 1-year duration of illness and 77% patients had history of hospitalization. Consensus diagnosis according to DSM-IV was made. After description of the study, written informed consent was obtained from each subject. This study was approved by the Fujita Health University and the National Center of Neurology and Psychiatry Hospital Ethics Committees. SNP8NRG221132, SNP8NRG221533, SNP8NRG24 3177, and SNP8NRG433E1006 were genotyped using primer extension method by dHPLC. SNP8NRG24 1930 was genotyped using PCR-RFLP method. The microsatellites 478B14-848 and 420M9-1395 were genotyped following analysis on an ABI3100 capillary sequencer. Allele 0 for markers 478B14-848 and 420M9-1395 refers to PCR-product sizes of 219 and 274 bp, respectively.
Deviation from the genotype counts predicted by Hardy-Weinberg equilibrium expectations was tested using an exact test. D, D 0 , and D 2 for pair-wise linkage disequilibrium (LD) were calculated. Estimation of the haplotype frequencies was performed by the expectation-maximization algorithm. Test for single-marker allelic association was performed by w 2 analysis. Test for haplotypic association was performed using the software SAS/Genetics (Release 8.2 TS2M0, SAS Institute Japan) with a permutation test to obtain the empirical significance. 6 We genotyped the five SNPs (SNP8NRG221132, SNP8NRG221533, SNP8NRG241930, SNP8NRG2431 77, SNP8NRG433E1006) and two microsatellite markers (478B14-848, 420M9-1395) that constitute the core haplotype in 607 Japanese patients and 515 Japanese control individuals ( Table 1 ). The genotypic distribution of each locus was not significantly different from the distribution expected according to Hardy-Weinberg equilibrium in this ethnic population. We found no association between each marker and schizophrenia, including the C allele of SNP8NRG221533 (P¼0.42) that was significantly in excess in both Icelandic 3 and Scottish 4 schizophrenia (P¼0.0028 and 0.000064, respectively). The estimated frequency of the core at-risk haplotype, which was enriched in the Scottish and Icelandic patients (10.2%, 14.4%) than in control individuals (5.9%, 7.6%) by Stefansson et al, had no difference between Japanese patients (4.5%) and Japanese controls (4.3%). The estimated Odds Ratio was 1.13 and the 95% confidence interval was (0.60-2.11). In order to be consistent with the literature by Williams and his colleagues, we performed threemarker 'at-risk' haplotype analysis with and without a family history of schizophrenia. However, there are no significant differences among each patent group and control.
Our results do not confirm an involvement of the NRG1 in conferring susceptibility to schizophrenia. One possible explanation for this result could stem from the clinical heterogeneity of schizophrenia. Although the disease is discussed as if it is a single disease, it probably comprises a group of disorders with heterogeneous etiologies. Indeed, the original study was based on individuals taken from large
